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Introduction 
The diversity of sensor devices, 
information appliances, robots and 
other things connected to the 
network, is increasing nowadays 
based on the various network 
environments penetrated every 
corner of current society. The 
importance of the advanced control 
of real-world device operations and 
the data generated from these 
devices is also increasing day by day. 
Especially in recent years, there are 
several attempts to connect more 
things to the network as promoted 
by the progress of the Internet of 
Things (IoT) related technologies. 
However, today’s information 
environment is highly complicated, which consists of people, objects, information 
equipment, computers, robots, etc. Fig. 1 shows the overview of recent information 
processing technology and intelligent technology. As there are more introductions of 
diverse devices, there is a great burden on the utilization of the introduced devices. The 
responsibility of the ICT system is also increasing with the number and diversity of 
introduced devices. The narrowed down target issues are as follows: 
Issue 1: Requirement Acquisition. Along with sophistication and diversification of 
user demands, it becomes difficult to accurately grasp various user requirements and 
accurately reflect it in the design specification of the target system 
Issue 2: Development and Configuration. In order to develop a system that realizes 
the services and the system suited to users, skilled developers of each introduced 
device with extensive experiences, as well as the introduced intelligent technologies 
are required. The burden of the experts are also heavy. 
Issue 3: System Maintenance. In order to accurately grasp the operating status of 
various devices and software components, it is necessary to have broad knowledge on 
IoT system and individual components. It is also highly complicated to plan the 
system update and modification as necessary. 
Figure 1: Overview of Recent Information 




 Agent-based Function Synthesis Framework for Human-centered Systems 
 
 In order to solve the 
target issues, it is 
important to deal with 
the complexity of the IoT 
system. The IoT system 
consists of a wide variety 
of components, such as 
humans, various types of 
information equipment, 
sensors, robots, and 
their physical situated 
operating environments 
and others ICT systems. 
It is extremely 
troublesome for the 
developer to grasp the 
functionalities of system’s 
physical components, and 
to develop the software to 
utilize them. It is even 
more difficult to 
rearrange the various 
components (replacement 
of component, addition / 
removal of components, 
re- configuration of each 
functionality, etc.) 
according to the user’s 
request. 
In this research, the 
following two approaches 
are taken to cope with the 
complexity of the system, that is: 
Resolving the heterogeneity of components and make it easier for people to treat as 
homogeneous components 
Providing a common / uniformed interface for heterogeneous component groups 
Introducing a common wrapper for each of the heterogeneous components to 
make them homogeneous components 
Increase the autonomy of system components, in order for humans to grasp the state 
and reduce the burden of making various adjustments 
Introducing the functionality to each device, software tool, and data store to 
monitor the individual self-states. 
Introducing the functionality to each device, software tool, and data store that 
configures/reconfigures the settings of individuals in response to the 
environmental changes 
Based on the approach, the concept proposed in this thesis is a framework that 
autonomously builds and operates real-world oriented systems which is realized by 
intelligent agents that manage and control various functional components, as shown in 
Fig. 2. The framework provides the following things: 
(i) Architecture of synthesized system based on requirements from humans 
Figure 2: Concept of Agent-based Function Synthesis 
Framework. 




(ii) Functional component agent’s architecture and realization methodology 
(iii) Cooperation methodology among functional component agents to synthesize 
functions to compose a system 
Fig. 3 illustrates the overview of AIoT architecture and applications, which is the 
realization of the proposed framework as multi-agent based architecture of IoT system. 
The agents that control IoT devices are Middleware Agents (Mid-Ag), and the device 
controlled by Mid-Ag is called AIoT device. The AIoT devices are organized by Application 
agents (AP-Ag), which have task descriptions to realize services. These agents compose 
AIoT application. There are 2 layers of agents, namely, application (AP) layer, and 
middleware (Mid) layer. Based on the architecture, we proposed the three solutions: 
Solution 1. AIoT architecture of application and Agentification of IoT device: With the 
commonly agentified IoT device (AIoT device), heterogeneous IoT devices can be 
controlled in homogeneous manner. 
Solution 2. AIoT Organization Scheme for Autonomic AIoT Application Composition 
According to User Requirement: By taking advantage of AIoT devices capability, 
which are controlled by intelligent agents, this thesis proposes a novel concept of AIoT 
organization to realize IoT-oriented device organization. 
Solution 3. AIoT Re-organization scheme for Resilient AIoT Application Operation: In 
order to resiliently operate AIoT application against various changes, this thesis 
proposes AIoT re-organization scheme to tune and replace the AIoT devices as the 
extension of S2. The instance of re-organization is replacement, re-configuration, 
addition and removal of devices, etc. 
 
 Agent-based Intelligent Home Security System in Smart Home 
 
In order to evaluate the 
effectiveness of the proposal, an 
Intelligent Home Security System 
(IHSS) in smart home domain has 
been implemented based on the 
proposed framework.  
Various devices at smart home 
have been implemented as AIoT 
devices, which can autonomously 
cooperate each other based on the 
provided capability from the 
framework’s capability. 
Fig. 4 shows the home security 
service experiment that evaluates 
the Solution 1, 2 and 3 in the 
framework. As the result, the 
proposal realized the united control 
of heterogeneous IoT devices 
through the implementation as AIoT devices, as well as to autonomously organize such 
devices in accordance with user requirements. The introduction effect made possible to 
provide advanced home security services using various devices, such as sensors, 
information appliances, personal robots, and drones, by appropriately adjust the behavior 
against burglar invasions.  
In addition to the security experiment, system version update and modification 
experiment have been performed to evaluate the architecture-level flexibility of the 
system. It is confirmed that the proposed architecture is more flexible than the existing 
architecture in response to various update requirements. 
Figure 4: Experiment of Intelligent Home Security 
System. The system successfully organized the IoT 
devices, as we as re-organized the cooperation structure. 
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 Agent-oriented Priority-based Microgrid Operation 
 
This chapter focused on the design and 
development of microgrid’s operation and 
control functionality to evaluate the 
applicability of proposed framework. In the 
method based on proposed framework, 
controlling grid agents are introduced to 
each device composing microgrid. The grid 
agents are organized based on the demand of 
power, and environmental condition to 
compose multi-agent system that provides 
desired operational control functionalities. 
We prototyped an experimental system to 
confirm that the composed multi-agent 
system and microgrid is able to perform 
human-centered power supply and demand 
control. When a utility grid disturbance 
(generally a blackout) occurs, conventional 
operational methods simply shed all the 
loads in the microgrid. This thesis focused on 
the benefit of the community on the microgrid, 
to power the publically important places, such 
as evacuation place, hospital, etc. prior to the 
other loads.  
Fig. 5 shows one of the multi-agent systems 
implemented for the evaluation of the 
introduction effect of the proposed framework. 
Fig. 6 shows the demand satisfaction rate of 
each load in the microgrid. Despite the power 
shortage, the important loads, such as Small 
Load 1 and Small Load 2, remain at 100% because of the effect of the agents’ adaptive 
cooperation based on the microgrid operational knowledge given to the MGOCC (control 
center) agent. It is also confirmed that, based on the distributed architecture of 




The outcomes of the proposal and introduction of proposed framework can be 
summarized as follows: 
Outcome 1. Realization of autonomous service organization with heterogeneous 
physical entities 
Outcome 2. Realization of autonomous problem solving capability of real-world 
oriented system components 
Outcome 3. Improvement of system components re-usability and structural flexibility 
of system 
Outcome 4. Realization of system formation re-organization against various changes 
With these outcomes from the proposed framework, the Issue 1, 2, 3 and 4 are solved. 
These outcomes contribute to the developers and users of IoT systems, in order to help 
them realize the development, maintenance and configuration with a little burden. The 
contribution eventually circulates the effective utilization of diverse real-world oriented 
devices that deals with the advanced and complicated user requirements in the future. 
Figure 6: The Transition of the 
Demand Satisfaction Rate. 
Figure 5: The Agent Configuration of 
the Demonstrated Microgrid. 
論文審査結果の要旨 
 
 現在、実世界指向の知識型システムの構築技術に関する様々な研究が進められている。しかし
ながら、多種多様な知識に基づいて稼働する知識型システムを系統的に開発するための設計法や
設計技術、或いは、実現されたシステムの継続的な運用や機能更改を支援する技術などが十分に
与えられていないのが現状である。そこで著者は、マルチエージェントシステム技術に基づく実
世界指向の知識型システムの設計法とその実現技術について詳細に検討した。本論文は、その成
果をまとめたもので、全編５章から成る。 
 第１章は序論である。 
 第２章では、知識型システムの設計開発の支援基盤となるエージェント指向機能合成フレーム
ワークを提案している。本フレームワークでは、利用者要求やシステム稼働条件等に即して、複
数の機能要素が自律的に協力・連携して動作するマルチエージェントシステムのアーキテクチャ、
個々の機能要素をエージェント型部品として実現する手法、そして各部品が相互に連携してシス
テム機能を実現する際の協調方式を提案している。更に、物資搬送タスクを例として、提案フレ
ームワークを用いた協調型物資搬送システムを試作し、変動する環境条件のもとで当該システム
の構築と運用が系統的に支援できることを示した。本提案は、マルチエージェントシステム技術
の特徴を活かした独創的なシステム構築手法を与えるものである。 
 第３章では、前章で提案したフレームワークを、IoT 技術を応用したスマートホームにおける
ホームセキュリティシステムの設計に適用し、提案フレームワークの導入効果を評価している。
すなわち、各種 IoT デバイスをエージェント型部品として設計・実装する手法を開発した。更に、
状況に応じて部品群を組み合わせて、スマートホーム内で観測される異常に対処する機能を提供
するマルチエージェントシステムを構成する手法を与えている。これは、先端的なエージェント
型 IoT システムの開発における提案フレームワークの有用性を実験的に示した成果として評価で
きる。 
 第４章では、新しい電力システムとして研究開発が進められているマイクログリッドの運用制
御機能の設計開発に着目して、提案フレームワークの可用性を評価している。すなわち、提案フ
レームワークに基づく手法では、マイクログリッドを構成する各機器に対して、その運用制御機
能をもつグリッドエージェントが配置される。そして、電力需給要求や環境条件に応じてグリッ
ドエージェント群が組織化され、所与の要件に合致した運用制御機能を提供するマルチエージェ
ントシステムが構成される。本手法を適用した実験システムの試作により、利用者指向の電力需
給制御が行えることを検証している。これは、実世界指向の知識型システムであるエージェント
型マイクログリッドの構築に向けて、提案フレームワークの可用性を実証した成果として高く評
価できる。 
 第５章は結論である。 
 以上要するに本論文は、マルチエージェントシステム技術に基づいて知識型システムの構築と
運用を支援する新しいシステム構築手法を提案したものであり、エージェント工学、ならびに情
報基礎科学の発展に寄与するところが少なくない。 
 よって、本論文は、博士（情報科学）の学位論文として合格と認める。 
